In vitro characterization of skeletal muscle beta-adrenergic receptors coupled to adenylate cyclase.
[3H]Dihydroalprenolol, a potent beta-adrenergic antagonist, was used to identify the adenylate cyclase-coupled beta-adrenoceptors in isolated membranes of rat skeletal muscle. The receptor sites, as revealed by [3H]dihydroalprenolol binding, were predominantly localized in plasmalemmal fraction. That skeletal muscle fraction may also contain the plasmalemma of other intramuscular cells, especially that of blood vessels. Hence, the [3H]dihydroalprenolol binding observed in that fraction may be due partly to its binding to the plasmalemma of blood vessels. Small but consistent binding was also observed in sarcoplasmic reticulum and mitochondria. The level of [3H]dihydroalprenolol binding in different subcellular fractions closely correlated with the level of adenylate cyclase present in those fractions. The binding of [3H]dihydroalprenolol to plasmalemma exhibited saturation kinetics. The binding was rapid, reaching equilibrium within 5 min, and it was readily dissociable. From the kinetics of binding, association (K1) and dissociation (K2) rate constants of 2.21 . 10(7) M-1 . min-1 and 3.21 . 10(-1) min-1, respectively, were obtained. The dissociation constant (Kd) of 15 mM for [3H]dihydroalprenolol obtained from saturation binding data closely agreed with the Kd derived from the ratio of dissociation and association rate constants (K2/K1). Several beta-adrenergic agents known to be active on intact skeletal muscle also competed for [3H]dihydroalprenolol binding sites in isolated plasmalemma with essentially similar selectivity and stereospecificity. Catecholamines competed for [3H]dihydroalprenolol binding sites with a potency of isoproterenol greater than epinephrine greater than norepinephrine. A similar order of potency was noted for catecholamines in the activation of adenylate cyclase. Effects of catecholamines were stereospecific, (-)-isomers being more potent than (+)-isomers. Phenylephrine, an alpha-adrenergic agonist, showed no effect either on [3H]dihydroalprenolol binding or on adenylate cyclase. Known beta-adrenergic antagonists, propranolol and alprenolol, stereospecifically inhibited the [3H]dihydroalprenolol binding and the isoproterenol-stimulated adenylate cyclase. The Ki values for the antagonists determined from inhibition of [3H]dihydroalprenolol binding agreed closely with the Ki values obtained from the inhibition of adenylate cyclase. The data suggest that the binding of [3H]dihydroalprenolol in skeletal muscle membranes possess the characteristics of a substance binding to the beta-adrenergic receptor.